Introduction
This paper is an investigation of the validity of the assumptions made by Laplace in framing his well-known differential equations for the tides of the ocean. Since his time these equations have been used by all the principal workers on the dynamical theory of the tides, but in recent years it has been claimed, mainly in Norway, th a t they are quite inadequate.
Let (o denote the angular speed of the earth's rotation and let t denote the time; let r denote the distance of a point in the ocean from the earth's centre, and 6 the co-latitude of this point; let u, v and w denote the components of the velocity of a particle of water in the directions respectively of increasing 6, east longitude and r. Then the corresponding components of the accelera tion of the particle are respectively: du uv 2 d t^r r cot 6 -2o) cos dv-co2r sin 6 cos 6, -7--I------1 ----cot 6 + 2(o cos 6u -f 2co sin 6w, dt r r (M ) dw u 2 + dt r 2oj sin 6v -sin2 6.
In forming his differential equations Laplace neglected all terms of the first two of these expressions involving u, v and w, except those on the lefthand side of the equations (1-2) below; and he dispensed with the use of the third by neglecting the vertical component of the acceleration. By inter preting u and v in the Eulerian sense he neglected product terms and thus restricted his consideration to small motion. He also neglected the vertical component of the tide-generating forces and the vertical variations in the horizontal components of these forces. He assumed the mean surface of the ocean to be the sphere r = a . He took the centrifugal terms be merged in the earth's effective gravity, and assumed the acceleration g of this effective gravity at the earth's surface to be uniform. where x denotes the east longitude, denoting the elevation of the free surface, and -the variable gravitational potential on I t is a consequence of the equations (1*2) th a t there is no vertical variation in ua nd v,and then the equation of continuity takes the form ( l ( A s i n 0M) + |< t o ) + ' (1) (2) (3) where h denotes the mean depth of the ocean a t any place. I t is also a con sequence of Laplace's equations th at the vertical component of current varies linearly between the ocean bottom and the ocean surface. In 1933 V. Bjerknes, J. Bjerknes, H. Solberg and T. Bergeron stated th a t the neglect of the vertical acceleration was a serious error, which might give totally erroneous results for a tidal constituent of period 2 such th a t ct2 < 4oA They emphasized the possibility of ' cellular oscillations ' associated with negative values of the factor 1 -4& >2/<r2, a possibility which was in dicated by the presence of this factor in the equations obtained in 1880 by Sir W. Thomson (Lord Kelvin) on the vibrations of a columnar vortex. The main force of their criticism referred to the diurnal constituents, for which cr2 is near oj2; they stated th at Laplace's equations were not seriously in error for the semi-diurnal constituents, for which is near 4 I t may be mentioned th at the vertical acceleration had been retained by R.O. Street in 1930 in his study of the surface oscillations of water in a rotating cylin drical vessel, but he did not examine the case of or2 < 4
In 1933 M. Brillouin and J. Coulomb published a detailed study of the oscillations, both free and forced, of the water in a flat circular basin of uniform depth, in which they retained the vertical acceleration. They emphasized the fundamental way in which the distribution of the motions depends on the sign of 1 -4<y2/<r2, and they paid particular attention to possible applications to the tides. Their problem of forced tides, when cr2 < 4 (o2,led to certain difficult questions of convergence. They pointed out th at for the semi-diurnal constituent K 2, in which cr2 = 4o2, Laplace's equations did not appear to be valid.
In He took account of the spheroidal nature of the mean surface of the ocean, and he considered it an 'internal contradiction' to retain the dynamical effect of the earth's rotation on the tides and yet to neglect it on the shape of the mean surface of the ocean. For the free oscillations of an ocean of uniform depth covering the whole earth, Solberg showed th at the analytical character of the solution com pletely changed as 1 -4w2/<r2 passed through zero. For free oscillations which are the same in all longitudes, and in which tr2 > 4 he obtained results which are not very different from those obtained by S. S. Hough (1897) on the basis of Laplace's equations. He also gave some attention to the cases in which <x2 = 4 (o2. The detailed development of the ca a 2 < 4 (o2,where Solberg expected results differing greatly from those obtained by Hough, he reserved for a second part of his monograph.
Summary of the present paper
In the present paper consideration is restricted to the tides of the ocean and the water is taken to be homogeneous. Forced oscillations are con sidered, as the actual tides belong to this class. The types of motion can thus be restricted to those corresponding to the actual tides. A direct com parison can also be made between the results of solving Laplace's equations and the results of a more general theory. For this more general theory Solberg's differential equations, viz. (1-4) and (1*6), are used.
First it is shown th at it is reasonable to simplify the problem by neglecting the ellipticity of the meridians ( §3) and the gravitational attraction of the disturbed water ( §4). W ith these simplifications the problem is still m athe matically self-consistent and the question of cellular oscillations remains.
In § § 5, 6 the general mathematical formulation is given, and in § 7 it is shown th at cellular oscillations are only liable to occur for semi-diurnal constituents near the poles and for long-period constituents near the equator.
Certain cases provided by the vanishing, in turn, of one of the components of current are then considered. I t is shown ( § 8) th a t Laplace's celebrated particular integral for the constituent K x in an ocean of uniform depth may be immediately and without approximation extended to Solberg's equa tions. For a narrow ocean of uniform depth bounded by meridians ( §9) and for an endless canal of uniform depth along a parallel of latitude ( §10), it is shown th a t Laplace's equations always provide a high degree of approxi mation.
Two basins for which Laplace's equations do not always give valid solutions are next considered. These are a circular sea of uniform depth near the North Pole ( §11) and a broad channel of uniform depth near the equator ( § 12), and in both cases the curvature of the meridians is neglected. As already indicated, the cases of failure of Laplace's equations are those of semi-diurnal constituents in the first basin and of long-period constituents in the second basin.
Finally, an ocean over which the depth is a function of the latitude only is considered. For the K % constituent ( §13) and for the limiting form of long-period constituents ( § 14) general differential equations in which there is only one independent variable, viz. the latitude, are obtained. When the depth is a very small fraction of the earth's radius, these differential equations reduce to the corresponding ones of Laplace except near the poles for the K% constituent and near the equator for the limiting form of long-period constituents. I t appears th a t in § §11, 12 the neglect of the curvature of meridians has tended to exaggerate the degree of invalidity of Laplace's equations.
For the diurnal constituents, Laplace's equations appear always to give a good approximation in problems which really resemble those of the actual tides.
In the present paper only such problems as may be solved without the use of expansions in infinite series are considered.
N eglect of the ellipticity of meridians
The ellipticity of a meridian section of the mean surface of the ocean depends on cao2jg, while the gyrational effects on the tides depend on o>/<r. From a mathematical point of view, these are independent parameters. If in the solution of the equations (1*4) and (1*6) the latter is retained but the former neglected, and the mean free surface of the ocean is taken as a mathematical problem without any mathematical inconsistency is formulated. And as the solution of this simplified problem will have the same general character as th a t of the more complete problem, consideration wdll be given only to the simplified problem.
The contribution to the potential V from the constant part of the earth 's gravitation and from the centrifugal force of the earth's rotation is taken to be g(r -a), where g is constant.
N eglect of the gravitational attraction OF THE DISTURBED WATER
By using spherical harmonics, Hough, in his solution of Laplace's equa tions for an ocean covering the whole earth, was able to allow for the dis turbance of the gravitational field produced by the tides themselves. In a similar way and for the same ocean, Solberg, in the solution of his equations, was able to make the same allowance. But when the ocean does not cover the whole earth, the allowance for the gravitational attraction of the dis turbed water is a difficult problem, even in the equilibrium theory of the tides (H. Poincare 1896 , 1910 M. Brillouin 1928) . No special cases of the equilibrium theory appear yet to have been worked out, though Brillouin's method makes this possible.
As this m atter is not one of those which is the subject of controversy, in the present paper the disturbances in the gravitational field produced by the tides themselves are neglected.
5.
Conditions at free surface From (1*5) and the results of § § 3, 4,
where f(r)is a given function of r such th a t/(a ) = 1.
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At the free surface of the ocean so that, from (5-1)
but on working to the first order of small quantities only
on r = a,since £-£ = £ • In the differential equations (1*4) and the boundary conditions, P enters as a whole. Hence the function/(r) does not affect the determination of P ; it only affects the determination of the pressure p.
For the semi-diurnal, diurnal and long-period constituents of the actual tides respectively, H denoting a constant length appropriate to each case and cr being positive. By taking a and s being positive, more than one of these constituents may be con sidered at the same time, and, when F(6) does not include the functions of 6 in (5*3), it will be a general member of a sequence of functions specially convenient for the basin in question. The assumption is made th a t the wave length of the variations of £ is large compared with the depth of the ocean. This assumption is important, as it is the basis of our contention th a t Laplace's equations are valid for constituents other than those of semi diurnal and long periods. It corresponds to the usual criterion for long waves, and it is only for such motion th at Laplace's equations have ever been Assumed to hold.
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Harmonic motion
For harmonic oscillations of period 2 7 i n which t enters only through ei< rt Laplace's equations (1*2) yield
and then on substituting into the equation of continuity (1-3),
When o'2 ^ 4 co2,a similar procedure may be followed with the equations (1*4) and (1-6). The equations (1-4) can be solved algebraically so as to give u, v and w in terms of dP/dd, dP/dx and dP/dr. The conditions at the ocean bottom, a t the surface, and at the coasts can then be expressed in terms of P and of these same derivatives. On substituting into the equation of continuity (1-6), a differential equation of the second order is obtained for P, to be satisfied through the body of the whole ocean. These conditions are sufficient to determine P, u, v, w, £ and p. When o'2 = 4o>2, there is a linear relation between dP/dd, dP/dx and dP/dr. To determine u, v and w use must be made of two of the equations (1-4) and the equation (1-6).
The procedure may be illustrated more concisely in cylindrical co ordinates, and in fact much use will be made of these co-ordinates. Denoting them by vr, x and z with the axis that of the earth, the equations of motion may be written as
Using the time factor ei,rl, it is deduced that, when # 4
The equation of continuity may be written as
and on substituting from (6-4)
it follows from (6-3) or from (6-4), th a t dP .dP
and the equation (6-6) may then be written
Also, from (6*3) and (6-5),
( 6 -8 )
The possibility of cellular oscillations
Since the depth of the ocean is very small compared with its lateral dimensions, cellular oscillations can only occur when the wave-length of the undulations of P in the vertical direction is very much smaller than the wave-length of these undulations in the horizontal direction. For the possibility of this we examine the equation (6-6), and notice th a t it depends on very small or very large values of 1 -4
Near the poles the vertical co-ordinate is z and d2P/dz2 must be large compared with 1 0 / dP\ m dm \ dm / (7-1)
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This will be the case when 1 -4& >2/<r2 is very small, unless
is also very small. The m atter is examined in detail in § § 11 and 13. Near the equator the vertical co-ordinate is m, and for cellular oscilla tions (7-1) must be very large compared with This may be the case when 4w2/(r2 is very large, so th a t the tides are of long period. The m atter is examined in detail in § § 12 and 14.
For other latitudes and other constituents cellular oscillations do not appear to be possible.
Laplace's particular integral for the constituent K 1
When the depth is uniform and a = o) the equations (1-4), (1-6) and the conditions at the bottom and a t the free surface of the ocean are satisfied by
As there is zero vertical component of current at all levels, it is clear th at the above expressions, with r -a, P = <?£', also satisfy Laplace and in fact this is the solution of his equations given by Laplace himself, in which there is no rise and fall of the ocean surface.
Of course the satisfaction of coastal conditions requires the addition of complementary functions which, in general, do involve a rise and fall of the ocean surface. 
N arrow ocean bounded by meridians
Consider now a basin of uniform depth h bounded by two meridians which are so near together that there are no transverse currents. Take 
where
When h/a is small, (9-3) gives, to the first order, on and in view of (5-2),
VA'
Pn{cos 6) cos art,
d cr2a gh cr2a2
Pn(cos 6) sin
On writing v = 0 in Laplace's equations (1-2) and (1-3), and eliminati the equation 1 a 2a sin 6 dd (sin4 ) +£'=-«> and when A/a is small, the principal part of this is -\ n ( n + l ) -2.
Canal along parallel of latitude
Next consider a canal of uniform rectangular section along the parallel of latitude, for which 6 = a, and suppose th at it is so narrow th at th no transverse currents. Then I H cos {at + sx), and there is no point in including the case of = 0, as there would then be zero tide-generating forces along the canal. As this rules out cases of longperiod constituents no large values of 2 co ccur. On writing u -0 and du/dd = 0 in the equ eliminating v and w, the equation 
In obtaining the expressions for v and w in (10-4), the factor or2 -4& >2 sin2 a has been removed from both numerators and denominators, so th a t these expressions are determinate when tr = 2o> sin a. On starting with = 2wsina, and applying the special method indicated in § 6, the same expressions are obtained directly.
When hja is small, (10-4) becomes, on and in view of (5-2), and these expressions are identical with those obtained by solving Laplace's equations (1*2) and (1*3) after writing = 0. I t follows from the first of (10-4), on th a t r H cos (<rt + sy) and on writing the first of (10-5) in the same form with for q,
When hja is small, the principal part of this is
and this gives a measure of the degree of approximation afforded by the solution of Laplace's equations.
Flat circular sea
Consider next a sea of uniform depth bounded by a parallel of latitude which is so near to the North Pole th a t the earth's curvature may be neglected. Using the cylindrical co-ordinates m, and z the coast is given by m = c, the mean sea surface by z = 0, and the sea bot The equation (6*6) has a solution of the form From (11-2) it is seen th a t the condition 0 a t the sea bottomis satisfied; also th a t the condition u = 0 at the coast m
This equation determines k, and the simplest distribution for a prescribed value of s will be given by the lowest root of (11*3). and on writing the first of (11-6) in the same form with for q, we have
-a-2 Kh-\-----------, xg
AkJi as a measure of the degree of approximation afforded by the solution of Laplace's equations. When A Kh is small, the principa i(AAc/i)2.
For the long-period constituents a/2oj is small, so th at A is small; also 5 = 0, and then the lowest value of is 3-83. Taking cjh = 100, then Kh = 0*0383, and Laplace's equations give a very high degree of approxima tion. For the limiting case in which cr-> 0 and A->0, the solution given by (11*1), (11*2) and (11*5) becomes identical with th a t given by (11*6).
For the constituent K x, cr = a> lowest value of kc is 1-84. Again taking cjh -100, then A -0-0106, and again Laplace's equations give a high degree of approximation.
For the constituent K 2, s = 2, and A->co. Then from (1 (11-5) i t is deduced th a t P tends to vanish while u and v tend to become infinite; but of course a t z = 0, = = -,72(OT)8in(<rt+2* )-
On starting with a = 2m, ( 6-7) gives dm '
and as the solution of this is p -( £ ) * ' « • it follows that, for finiteness at m = 0, F(z) = 0. Then th at the conditions (5-2) a t the free surface cannot be satisfied. The situation is analogous to th a t of resonance, in th at a boundary condition involving finite elements can only be satisfied by a distribution involving infinite elements. This impossibility of providing, by a finite distribution, the necessary vertical currents at the free surface when A is infinite, throws a light on the part played by the vertical currents of the cellular oscillations when A is large.
From the solution (11*6) with s = 2, it is seen tha remains finite P gH J^kvj) p (£z2 + zh). cos (at + 2x), -fh + '2 ^i r } 8in (at+ 2*>> -i { j^) + 2^-)}c°S<<r( + 2A:),
V O / z \
-a f j = -hr + 1) sin (<rt + 2x).
(11-7)
In order that these expressions may satisfy the fundamental equations and conditions, it is necessary, according to the different orders of magnitude involved, sometimes to retain P and sometimes to neglect it.
On starting with a = 2 c o in Laplace's equations the same solut z = 0 is obtained. The expressions (11*7) are the result of first taking A small with A finite and then of making A -> oo, and this corresponds to the procedure offered by Laplace's equations. B ut the conditions of the physical problem require th a t A->oo with kJi finite though small, and to this it has been seen that there is no definite solution. Hence for the K 2 constituent, Laplace's equations give a definite solution when the more general equations show th a t one does not exist. If the curvature of the meridians had been neglected in (5*3) as well as in (1*4) it would have followed th a t £ = 0 and not (11*4); both Laplace's equations and the more general ones would then have given the same zero solution.
Broad equatorial channel
Consider now a channel of uniform rectangular section along the equator, and suppose th a t it is sufficiently broad to adm it of transverse currents. The equations will be simplified by supposing th a t in the neighbourhood of the channel the earth is cylindrical with gravity perpendicular to its axis. Cylindrical co-ordinates will be used and also ? H cos kz cos + sy),
where s is an integer and & is a constant such th a t at the sides of the channel sin kz -0. The case of k = 0 is not included, as this would exclude tr currents and merely reproduce the problem of § 10 with a = \ir. If the coasts of the channel are given by z -0, z = b,it follows th a t kb = an integer. But in order to prevent the wave-length of £ from being of the order of the depth h, n must not be too large. The assumption th a t kh is small, a consequence of th a t made in § 5, is important, because it rules out the possibility of cellular oscillations except for long-period constituents.
The appropriate solution of the equation (6*6) is given by 
in order to satisfy the conditions at the bottom and the free surface. At the bottom m = ah,it follows th at u -0, and 
where the form of which indicates the possibility of cellular oscillations. When Kh is small, F(a), as given by (12-6), reduces to Laplace's solution (12-4), but again it is clear th at this excludes cellular oscillations. For the constituent K 2, 5 = 2, and when in (12-2) and (12*3), cr->2w, it is found, after some reduction, th at On starting with s = 2 and cr = 2 io,and on using the equat the result (12-7) is obtained directly. I t is clear th a t (12-7) does not adm it of cellular oscillations, and when h/a is small it reduces to Laplace's solution . From the first of (12-7) on to = a On Laplace's differential equations for the tides 279 r H cos kz cos 9 9 4<o2a -1 and on writing Laplace's solution in the same form with q0 for q, we have
as a measure of the degree of approximation afforded by Laplace's solution.
When hja is small, the principal part is given by
For the constituent K x, s = 1 and cr = so th at
As kh is small, xh is also small, and cellular oscillations do not occur. Treating (12-4) and (12*6) as before,
the principal part of which is q__ _ 11 + 6P a 2 q0 4 + 4 a '
F o r long-period constituents, s = 0, so th a t y = -a I t is then seen from (12-6) that, to the first order, .
The motion given by (12*8) involves cellular oscillations, and when h/a is small the expressions do not reduce to those obtained from Laplace's equations. When in (12-8), a ->0 , no definite limiting motion is obtain starting with a = 0, the equations (14-1) of a later section are found the presence of the factor cos kz requires = 0 and hence = 0 and £ = 0, £ denoting the radial displacement. I t is then impossible to satisfy the condition £ = £ at the free surface. On making <r-^0 in Laplace's solution, it follows th a t £ '-> 0, u ->0 , v->0, and the same result is obtained by putting 0 in Laplace's differential equations. Hence Laplace's equations give a definite limiting form for the constituents of long period when the more general equations show th a t one does not exist.
The constituent K 2
Consider now an ocean over which the depth is a function of the latitude only. On taking a = 2w and supposing th a t t and y enter P only throu factor e^+ 2x> the equations (6-3) take the form
where F( ) is a function to be determined. For finiteness a t the pole it is necessary th a t for z^a -hr h0 being the depth of the ocean a t the pole. Write, for shortness,
From the third of (13'1) it is seen th a t This defines f{z/a) from of (5-3), a -h0 to z = a, and, in fact, on using the first -cr2aH.
I t is interesting to compare these relationships near the pole with those for the same constituent in the flat sea of § 11. There the vanishing of w made it impossible to satisfy the condition w = iar£, while here the curvature of the earth does make it possible to satisfy the corresponding condition (13-5) through the non-vanishing component u. Now on r = a it is seen th at In (13*7) h ,which enters through mv and rjr, regarded as functions of d, correspond to th a t circle of the ocean bottom for which = cos 6. As 6-» a, £'->(), and the remaining boundary condition is obtained from the coastal condition or th a t a t the other pole. If the ocean does not extend to either pole, then both boundary conditions are obtained from the coastal conditions. As d -> o t ,i t is seen from (13-7) th a t it is possible to have so that, as
and from (13-3) it is seen th a t the conditions for the finiteness of a t 0 are satisfied.
Thus there are two distributions of tides, one on either side of the plane z = a -h0 which is perpendicular to the earth's axis and which touches the ocean bottom immediately under the pole. Across this plane there is con tinuity of the motion, since on both sides When h/a is small compared with sin2 0 and also is small, the equation (13*7) takes the form which is identical with Laplace's equation (6-2) when cr 2a>, and y enters through the factor e2ix.
In Laplace's solution for an ocean of uniform depth, = 0 and d^'jdO = 0 at 6 = 0, whereas in the present solution these conditions obtain at As 6 increases beyond a the equation (13-8) rapidly approximates to Lap lace's equation for uniform depth. From these facts it can be seen that, for an ocean of uniform depth, the solution of the present equations will differ very little from th a t of Laplace's equations.
When the depth follows the law h = sin2 6, h0 = 0, and when hx/a is small, Laplace's equation (13*9) is valid everywhere. In this case the solution takes a very simple form, as noted by Sir G. B. Airy in 1842.
Limiting form of long-period constituents
Again, consider an ocean over which the depth is a function of the latitude only, but now suppose th a t P i s independent of x and t Let £ and tj denote displacement-components in the directions of w and z respectively, so th a t 0£ ... dV dt ' W dt * Then the equations (6*3) give
so that, in the limiting form of periodic motion, v + 2(o£, = 0, 4(0% F ', (14-2) where F( ) is a function to be determined. From the equation of continuity (6-5) it is seen th a t 1 d
in the limiting form of periodic motion, and hence in which h and ft, regarded as functions of 0, correspond to the circle of the ocean bottom for which m -a sin 0. At the equator, where f 0 = cl, it will be supposed th a t ft -0. As 0-> a, it is t (14*6) th at j and it follows, from (14*4) and (14*5), that, as m-+a -hx, 0-a F " -^e^°£ /cos20 being evaluated on r = a To illustrate the case in which the ocean extends over the equator, it will be taken as symmetrical about the equator. Then, a t the equator, z = 0, d£'/dd = 0, 7/ = 0, and hence/(tt7) = 0, for < The equ (14-5) then becomes 1 0 sin 6 W 0 (14-7)
for d^a \ and at 6 = c l and 6 = \n , d^'/dd = 0. Using the third of (5*3
Jut tl P2( ) denoting Legendre's polynomial of the second order, and hence the solution of (14*7) may be written where^ = -P 2(cos0) + P 2(cosa) P;(cosa) w (cos 6) + constant,
Rn(cos 6) denoting the Legendre's function
This distribution gives, at w =
£/cos 2 6 being evaluated on r = a,and the value of £ must in (14-6). On comparing with § 12, where a definite limiting form did not exist, it is again seen th a t it is the curvature of the earth which has enabled all the conditions to be satisfied.
Thus there are two distributions of tides, one on either side of the cylinder m = a -w h ich is parallel to the earth's axis and which touches the ocean bottom along the equator. Across this cylinder there is continuity of /, F, F ', F' and hence of P , £, ij and v.
When the depth is uniform, h is constant, ^0, and on cos2 6 -cos2 a.
The equation ( When A/a is small compared with cos2#, and \}r also is small, the equation (14-6) may be written as 1 3 /Asin#3£'\ 4a>2a2 sin#3#\cos2# 3#/ g (14-9) which is identical with the form taken by Laplace's equation (6-2) when < t-> 0 and £' is independent of y. In Laplace's solution for an ocean of uniform depth covering the whole earth, d^'jdd -0 a t 6 = 90°, whereas in the present solution th obtains at # = a. As 6d ecreases from a the equation (14*8) rapidly approxi mates to Laplace's equation for uniform depth. From these facts it can be seen th a t the solution of the present equations will differ very little from th a t of Laplace's equations.
Comparison with previous work
The chief result of the paper is to modify very considerably the impression created by V. Bjerknes and his co-authors. The emphatic statements of these authors appear to be based on the possibility of the existence of cellular oscillations of diurnal period, and on the possibility of resonance caused by the tide-generating forces of equal period. Now it has been seen th at diurnal cellular oscillations are only possible when the horizontal wave-lengths are of the same order of magnitude as the depth. This indeed occurs in the examples given by Bjerknes and his co-authors, but it does not occur in the actual tides of the ocean. The part of the present paper which most nearly corresponds to the examples given by these authors is § 12.
The motion of § 11 may be regarded as one of the elemental motions used by Brillouin and Coulomb in their expansions. There again it is the dynamic ally possible oscillations of very short horizontal wave-length which cause their difficulties of convergence.
Comparison with Solberg's work is possible in connexion with § §13 and 14, as the basins here considered include an ocean of uniform depth covering the whole earth. The two problems here considered occur at the two extreme ends of the range of negative values of 1 -4w2/<x2. I t has been shown th a t though Laplace's equations apply over the greater p art of such an ocean, they do not apply near the poles for the constituent i£2ior near the equator for the limiting form of long-period constituents. B ut for the ocean taken as a whole, the necessary correction to the solution of Laplace's equations is only very slight. Though Solberg does not use cylindrical co ordinates explicitly, he does obtain equation equivalent to those of § 13 as far as (13*3). But the distribution of tides which has been taken here to apply only near the poles, Solberg took to apply to the whole ocean, so th a t he did not obtain the equation (13*7). The problem of § 14 is a limiting case of those to be considered in Solberg's future paper.
